The influence of pH dynamics on ruminal bacterial community composition was studied in 8 ruminally cannulated Holstein cows fitted with indwelling electrodes that recorded pH at 10-min intervals over a 54-h period. Cows were fed a silage-based total mixed ration supplemented with monensin. Ruminal samples were collected each day just before feeding and at 3 and 6 h after feeding. Solid and liquid phases were separated at collection, and extracted DNA was subjected to PCR amplification followed by automated ribosomal intergenic spacer analysis (ARISA). Although cows displayed widely different pH profiles (mean pH = 6.11 to 6.51, diurnal pH range = 0.45 to 1.39), correspondence analysis of the ARISA profiles revealed that 6 of the 8 cows showed very similar bacterial community compositions. The 2 cows having substantially different community compositions had intermediate mean pH values (6.30 and 6.33) and intermediate diurnal pH ranges (averaging 0.89 and 0.81 pH units). Fortuitously, these 2 cows alone also displayed milk fat depression, along with markedly higher ruminal populations of 1 bacterial operational taxonomic unit (OTU) and reduced populations of another ARISA amplicon. Cloning and sequencing of the elevated OTU revealed phylogenetic similarity to Megasphaera elsdenii, a species reportedly associated with milk fat depression. The higher populations of both M. elsdenii and OTU246 in these 2 cows were confirmed using quantitative real-time PCR (qPCR) with species-specific primers, and the fraction of total bacterial rDNA copies contributed by these 2 taxa were very highly correlated within individual cows. By contrast, the fraction of total bacterial rDNA copies contributed by Streptococcus bovis and genus Ruminococcus, 2 taxa expected to respond to ruminal pH, did not differ among cows (mean = <0.01 and 10.6%, respectively, of rRNA gene copies, determined by qPCR). The data indicate that cows with widely differing pH profiles can have similar ruminal bacterial community compositions, and that milk fat depression can occur at intermediate ruminal pH. The results support recent reports that milk fat depression is associated with shifts in bacterial community composition in rumine and is specifically related to the relative abundance of Megasphaera elsdenii.
INTRODUCTION
The effects of pH on ruminal fermentations and microbial growth both in vitro (Russell and Dombrowski, 1980; Hoover, 1986; Grant and Mertens, 1992; Mouriño et al., 2001 ) and in vivo (Mould and Ørskov, 1983-1984; Allen et al., 2006) are well known. Several studies have also demonstrated the effects of pH on appetite (Allen et al., 2006) and on fiber digestion (Terry et al., 1969; Hoover, 1986) . Typically, in cows fed once daily, ruminal pH decreases after feeding for a period of a few hours, and then increases again because of VFA removal, rumination, and salivation. Other studies Allen, 2000, 2003) have demonstrated that pH variations increase as the concentration of dietary starch increases. Thus, any consideration of ruminal pH should include not only the mean pH, but also the pH range during the feeding cycle. A pH profile having a narrow range suggests that salivary buffers and VFA removal can keep the pH from decreasing below the minimum threshold for particular microbial activities. This could mean more time for pH-sensitive processes such as fiber digestion. At the same mean pH value, a wider pH range could lead to both higher VFA accumulation and more prolonged period of higher pH known to be favorable for bacterial adherence, an important prerequisite for fiber digestion (Mouriño et al., 2001) . pH has been shown to strongly affect both feed digestion in the rumen (Mould and Ørskov, 1983-1984) and the fermentation and growth of numerous species of ruminal bacteria in pure culture (Russell and Dombrowski, 1980) . Some ruminal bacteria (e.g., Streptococcus bovis) are well known for their ability to rapidly outcompete other species at extremely low pH (Russell and Hino, 1985) . Low pH is associated with several metabolic diseases thought to have a ruminal microbial origin, including ruminal acidosis (Russell, 2002) and laminitis , but these associations have largely been proposed based on in vitro studies, and there has been no systematic study on the effects of pH variations on the whole microbial community.
Even under conditions in which ruminal pH cycles within a normal range, pH may be expected to have a profound effect on populations of specific ruminal microbes; for example, the fibrolytic bacteria. Fiber digestion is a process that requires bacterial adhesion to the degradable surface to facilitate its hydrolysis before the fermentation of the carbohydrate oligomers (Weimer, 1996) . Diets rich in fiber and physically effective NDF, as described by Mertens (1997) , are known to yield different fermentation product profiles compared with diets rich in starch or concentrates, and these variations are considered to be strongly influenced by different pH profiles resulting from different rates of starch and fiber fermentation. The most intensively studied ruminal cellulolytic bacteria are known to cease growth at pH values below 6.0 (Russell and Dombrowski, 1980; Shi and Weimer, 1992; Weimer, 1993) , although their enzymes can continue cellulose hydrolysis (Russell and Wilson, 1996) . Thus, if the pH remains below certain levels, we can expect lower cellulolytic populations because of a reduced ability to bind cellulose or because of inhibition of catabolism of hydrolytic products. This in turn could lead to changes in the populations of sugar and cellodextrin-fermenting populations that could utilize products of continued enzymatic hydrolysis of fiber.
The central hypothesis of this study was that cows whose ruminal pH dynamics differed (in terms of mean pH and diurnal pH variation) would also harbor different ruminal bacterial communities, To test this, we monitored pH profiles of ruminally cannulated cows and characterized bacterial populations in ruminal samples from these cows, using automated ribosomal intergenic spacer analysis (ARISA). The ARISA technique is a culture-independent technique that facilitates comparisons of entire bacterial communities, including both cultured and as-yet-uncultured taxa, and is further useful in identifying target taxa for more specific and detailed analysis by quantitative real-time PCR (qPCR). Moreover, these methods can identify specific animals whose bacterial communities differ dramatically from those of other animals on the same diet, which encourages both retrospective examination of specific animal performance patterns and preselection of animals for nutritional studies.
MATERIALS AND METHODS

pH Dynamics
Animal experiments were conducted at the US Dairy Forage Research Center Farm near Prairie du Sac, Wisconsin, according to a protocol approved by the Animal Care and Use Committee, Research Animal Resource Center, University of Wisconsin-Madison. Eight lactating, ruminally cannulated Holstein cows were fed an alfalfa silage-and corn silage-based TMR (Table 1) formulated to meet NRC (2001) guidelines for lactating cows, and were supplemented with monensin. Cows were provided feed ad libitum every 24 h, along with a continuous supply of water.
To monitor pH dynamics, SenTix 41 pH electrodes (WTW, Weilheim, Germany) were inserted into custom-built, stainless steel housings having open slots on the sides that permitted contact with the ruminal contents. Each electrode was held in a medial position within the rumen by insertion of the metal housing into a length of thick Norprene tubing attached to a barbed fitting on the inside of the cannula plug. The wire leads from the electrode were passed through the Norprene tubing and the cannula plug, and connected to a pH logger (model 340i, WTW) contained within an aluminum box fixed to the outer rim of the cannula by thick, plastic cable ties. The pH values were recorded at 10-min intervals for 54 consecutive hours, corresponding to 2 complete feeding cycles and the first 6 h of the third feeding cycle. Loggers and electrodes were calibrated before insertion using pH 7.00 and 4.00 buffer solutions (Fisher Scientific, Fair Lawn, NJ) . At the end of the 54-h incubation in rumine, the electrodes were removed, rinsed, and immersed again in the buffer solutions to determine the drift in electrode response. 
where N = ordered number of pH reading taken at 10-min intervals (from 1 to 326); X = pH reading in pH 7.00 buffer upon withdrawal from rumen at end of experiment; Y = pH reading in pH 4.00 buffer upon withdrawal from rumen at end of experiment; and pH N = pH at the Nth reading of the indwelling electrode during the experiment. This drift value was then subtracted from the recorded pH value to obtain the corrected pH; the corrected pH values were used to calculate the mean pH within each day. Daily pH range was calculated from the maximum and minimum pH values during the first 6 h of each feeding cycle, based on observations that the maximum pH occurred just before feeding and the minimum generally occurred within 6 h after feeding. The pH data (mean pH, diurnal pH range. or both) on the 3 successive days were subjected to cluster analysis using Minitab software (Minitab, State College, PA) in a single linkage analysis at the indicated level of similarity.
Ruminal Sampling
During the same 3 consecutive feeding cycles in which pH data were obtained, ruminal samples were collected just prior (~5 min) to feeding and at 3 and 6 h postfeeding. Samples were collected from the medio-ventral region, using new polyethylene gloves, and immediately squeezed through 4 layers of cheesecloth to separate solid and liquid phases. The 2 phases were placed in separate 50-mL centrifuge tubes (Corning, Corning, NY) and stored frozen at −80°C before DNA extraction. A total of 144 samples (72 each of liquids and solids) were collected.
Extraction of DNA was conducted as described by Welkie et al. (2009) using 25 mL of ruminal fluid or 25 g of ruminal solids for each sample. The DNA concentration for each sample was determined spectrophotometrically, and the DNA solution was diluted to a working concentration of 10 mg/mL. The ARISA technique was performed as described by Welkie et al. (2009) , with the following modification. Amplified PCR product was processed in a Beckman Coulter CEQ8000 capillary electrophoresis Genetic Analysis System (Fullerton, CA) by mixing 0.5 μL of PCR product with 1 μL of WelRed #1 infrared fluorescent dye-labeled DNA standard ladder and 39 μL of Sample Loading Solution (Beckman Coulter). Relatedness among the bacterial community compositions of different samples was determined by correspondence analysis (Weimer et al., 2010) of the electrophoretically separated ARISA amplicons of different lengths (AL). Cluster analysis of points on the ordination biplot from correspondence analysis was performed using Minitab software at the indicated similarity levels. To characterize potential phylotypes associated with AL246 and AL383 peaks identified from the ARISA analysis, their PCR products were cloned into the pGem-T vector using the GoTAQ PCR product cloning system (Promega Corp., Madison, WI) to obtain the corresponding operational taxonomic unit (OTU), and the sequences determined at the University of Wisconsin-Madison Biotechnology Center.
Real-time PCR procedures, including methods to calculate the percentage of 16S rRNA gene copies represented by individual taxa, have been described previously (Stevenson and Weimer, 2007) . Primers used included those for M. elsdenii and S. bovis (Stevenson and Weimer, 2007) , and for genus Ruminococcus (Weimer et al., 2008) ; all were designed to amplify sequences within the 16S rRNA gene. Specific primers for individual OTU identified by ARISA were designed manually based on the cloned sequence and then analyzed using Primer Express Software (Applied Biosystems, Foster City, CA). Primer pairs were selected to have melting temperature values near 60°C, to have a G+C content of 35 to 70%, to amplify a region of approximately 190 bp in total, to avoid stable secondary structures, and to minimize the number of G+C residues within the last 5 nucleotides near the 3′ end. For OTU246, the forward primer sequence, derived from the end of the 16S rRNA gene, was TCG TAC CTT GAC AAC TGC ATA AAA A. The reverse primer sequence, derived from the internally transcribed sequence (ITS) region, was GCG TCC TTC TTC GGC TGA TAT. For OTU383, the forward and reverse primer sequences, derived from the ITS, were GGA GCG TGT CCG AAG GCA and AGT ATT GTC AAT GAT CTG GCT CCT CA, respectively.
Statistics
Data for milk production and composition were averaged, and the least squares means were compared using PROC MIXED of SAS (version 7.0, SAS Institute, Cary, NC), with cow as class variable (SAS Institute, 1998) . Results from qPCR quantification of individual taxa were analyzed using PROC MIXED with cow, day, hour, and phase as class variables and with all potential 2-and 3-way interactions. Interactions having P > 0.4 were removed from the model and the reduced model re-run. Least squares means were compared using the Bonferroni t-test at P = 0.10 to reduce the chance of type II error.
RESULTS
Ruminal pH Profiles
Milk yields from each cow over the 3-d period of the pH measurements were 86 to 104% (mean = 98.5%) of those of a 5-d period the week before or week after the pH measurements, indicating that insertion of the pH monitoring devices did not affect milk yield. The pH profiles during the 54-h monitoring period generally resembled those shown in Figure 1 . Ruminal pH was highest just before feeding and declined for approximately 5 to 7 h thereafter before gradually increasing. Although this general pattern was observed for all cows, both the daily mean pH and the daily range in pH varied within and across cows (Table 2 ). Daily mean pH over the 3 cycles varied from 0.04 units (cow 2097) to 0.32 units (cow 2430).
Bacterial Community Compositions
Relatedness in bacterial community composition (BCC) among ruminal samples was examined by ARISA profiling combined with correspondence analysis. The ARISA technique involves electrophoretic separation of PCR-amplified bacterial genes encoding the ITS between the 16S and 23S rRNA genes (Fisher and Triplett, 1999) . Each individual peak in the capillary electropherogram corresponds to a discrete ITS length. Because a single peak can correspond to more than one bacterial species, individual peaks are assigned as amplicon lengths (Fisher and Triplett, 1999; Felske and Osborn, 2005) . Thus, although the electropherograms do not unequivocally represent a complete bacterial profile, electropherograms from different samples do permit a general comparison of BCC (Fisher and Triplett, 1999) respondence axis accounts for the largest fraction of the variation in the data, with subsequent axes accounting for successively smaller fractions. The ordination biplot (Figure 2) projects BCC of an individual sample as a single point along the first and second correspondence axes. In the biplot, samples having progressively divergent community compositions display progressively greater distances between the points. Figure 2 reveals that the BCC of 6 of the 8 cows were very similar. In contrast, the BCC of cow 1699 was distinctly different from those 6 cows, and cow 2097 displayed even further divergence in BCC from the other 7 cows. Using the biplot coordinates from the 143 total samples (one sample was lost during workup), cluster analysis at a 90% similarity level confirmed the separation of the samples into these 3 groups.
Included among the 6 cows that had similar BCC were cows that had the highest mean pH (cow 2653, mean pH = 6.51) and lowest mean pH (cows 1272 and 2088, mean pH = 6.11), along with cows that had the widest mean range of pH (cow 1819, mean daily range = 1.26 units) and the narrowest mean range of pH (the aforementioned cow 2653, mean range = 0.45). The 2 cows that had BCC that differed strikingly from one another and from the other 6 had intermediate pH profiles (cow 1699, mean pH = 6.30, mean daily range = 0.81 units; cow 2097, mean pH = 6.33, mean daily range = 0.89 units). These observations are consistent with results from attempting to match the 3 groups of cows based on their BCC with cows grouped by their ruminal pH dynamics (Table 2) . In this case, cluster analysis was performed by relaxing the similarity level Both mean pH and diurnal pH range were included in the cluster analysis.
3
Highest similarity level that yielded 3 pH response groups for indicated analysis. until cows were grouped (on the basis of mean pH, diurnal pH range, or both) into 3 clusters for each analysis (i.e., the number of clusters obtained from the BCC grouping). Clustering based on mean pH alone, or on pH range alone, assigned cows 1699 and 2007 to the same group (despite large differences in their BCC), and in each case (mean pH or pH range), the group also contained 2 of the 6 cows that had BCC very similar to one another. On the other hand, grouping of cows based on a combination of mean pH and pH range placed cows 1699 and 2007 into a single group that contained one other cow, but split the 5 remaining cows having similar BCC into 2 other groups. Overall, the data indicate that ruminal BCC in cows fed the same diet can be quite different in cows displaying similar pH profiles, and can be quite similar in cows having substantially different ruminal pH dynamics.
Retrospective examination of the production data from cows 1699 and 2097 indicated that they had numerically lower values of milk fat (<2.5%, even lower than their protein content) than did the other 6 cows (Table 3) . In an attempt to identify specific bacterial taxa that contributed to the unique BCC of these 2 cows, the areas of individual peaks in the capillary electrophoregrams obtained during ARISA analysis were compared across cows. The 2 cows that had the lowest fat content displayed unusually large peaks for AL246 and substantially reduced peak areas for AL383 (similar to a pattern observed among milk fat-depressed cows in a companion study; Weimer et al., 2010) . The distribution of these AL across all cows examined in this study is shown in Figure 3 . These 2 AL were detected together in only 21% of the 143 ruminal samples collected across all 8 cows. Samples in which AL246 accounted for <3% of total ARISA peak area were well populated with AL383 (0.4 to 1.5% of total ARISA peak area), but samples in which AL246 accounted for >4% of the total ARISA peak area appeared to have much less AL383 (0 to 0.5% of total ARISA peak area).
Sequencing of a 443-bp cloned PCR amplicon (sequence deposited in GenBank with accession no. FJ687347) of a DNA fragment from a gel band corresponding to AL246 yielded a 150-bp segment of the adjacent 16S rRNA gene. Comparison of the sequence of this OTU246 with the GenBank database revealed 100% identity to partial 16S rRNA gene sequences for 2 uncultured ruminal bacterial entries (AB034086.1 and AB034085.1) and 96% identity to the partial 16S rRNA gene sequence of an uncultured Megasphaera sp. clone SNH07 (entry AY672079.2; Tajima et al., 2000) . Based on this putative taxonomic identification, realtime PCR was performed on solid-phase samples from the 2 fat-depressed cows (1699 and 2097) and 2 of the 6 other cows (1272 and 2088), using primers specific for OTU246 and primers specific for M. elsdenii. These latter 2 cows were selected for analysis because in the companion study (Weimer et al., 2010) they had displayed monensin-induced milk fat depression (MFD), which they had since overcome upon prolonged (8-mo) exposure to monensin. As indicated in Table 4 , realtime PCR analysis indicated that the 2 MFD cows had elevated levels of both OTU246 and M. elsdenii, with cow 2097 displaying the higher populations consistent with its more displaced position in the correspondence analysis (Figure 2 ). For each sample, the percentage of the bacterial gene copies attributable to these 2 taxa (OTU246 and M. elsdenii) were remarkably similar, and linear regression of all qPCR analyses within samples Sequencing of a 574-bp cloned PCR amplicon from a gel band corresponding to AL383 yielded a 143-bp segment of the adjacent 16S rRNA gene. Comparison of this sequence with the GenBank database revealed up to 99% identity to partial 16S rRNA gene sequences of uncultured ruminal bacteria and 93% identity to the 3 closest identified relatives (Prevotella ruminicola, Prevotella denticola, and Prevotella sp.). Subsequent qPCR assays of the corresponding OTU383 indicated that the relative number of gene copies of this apparent Prevotella did not vary among samples even though the AL383 ARISA peak areas varied substantially, suggesting that AL383 contained an additional, yetunidentified phylotype whose gene copy amounts varied among samples.
In contrast to M. elsdenii, the genus Ruminococcus and the species Streptococcus bovis-2 taxa whose populations would be expected to be strongly dependent on pH (Russell, 2002 )-on average accounted for 10.6 and 0.01% of bacterial 16S rRNA gene copies, respectively (Table 5) , generally did not differ by cow, despite substantial differences in their ruminal pH profiles. Streptococcus bovis was slightly elevated in cow 2088, which had moderately low pH but normal fat levels.
DISCUSSION
For each feeding cycle within each cow, pH measured in the medial ventral region of the rumen reached its maximum just before feeding, then decreased to its minimum over an approximately 6-h period, similar to the time reported by Duffield et al. (2004) and somewhat longer than the 3 h reported by Marden et al. (2005) . Over the next ~18 h, a gradual decrease in acid production and increased VFA absorption (Whitelaw et al., 1970) , combined with salivary buffer production during rumination (Maekawa et al., 2002) , returned pH to near its previous value before feeding. All of the pH traces exhibited some variation in pH around the trend line, likely because of local microenvironmental differences resulting from fluid movement and from alternating contact between rumen liquor and solid digesta.
Although these general patterns were observed in all cows, there were slight to substantial variations in mean pH and in diurnal pH range for each of the cows during the 3-d study period. Looking more broadly across 3 feeding cycles, there were substantial differences among cows in overall mean pH (6.11 to 6.51) and in average diurnal pH range (0.45 to 1.26). The pH ranges observed here thus encompassed values that varied from the rather low diurnal ranges (~0.3 units) reported by Marden et al. (2005) to the rather high diurnal ranges (~1.2 units) reported by Maekawa et al. (2002) . Although the cows in this study were all fed the same diet, it is likely that these differences in diurnal range were due to a variety of factors, including the timing of individual feeding and rumination bouts after feed presentation; the rate of passage of digesta and VFA from the rumen, the effectiveness of VFA absorption from the rumen; and the effectiveness of buffering from salivation into the rumen (Russell, 2002) .
Despite these differences in pH dynamics, there were marked similarities in BCC in 6 of the 8 cows studied, even though these 6 accounted for the complete spectrum of variation in mean pH and mean diurnal pH range. These similarities were observed in ARISA profiles, which largely represent the uncultured members of the ruminal bacterial community. However, the populations of even some culturable taxa whose growth is known to be affected by pH did not differ among cows. Although both Ruminococcus albus and R. flavefaciens are unable to grow at pH <6.0 in continuous culture (Russell and Dombrowski, 1980; Shi and Weimer, 1992) Means having different letters within column differ (P < 0.10). Means having different letters within column differ (P < 0.10).
1 NT = not tested.
with previous real-time PCR data (Weimer et al., 2008) and the frequent appearance of sequences related to R. flavefaciens (cellulolytic), and Ruminococcus bromii and Ruminococcus callidus (amylolytic) in clone libraries (Tajima et al. 2000) . Streptococcus bovis, a bacterium considered to be more abundant under conditions of ruminal acidosis (Russell, 2002) , was maintained in very low levels (<0.01% of 16S rRNA gene copy number) in all 8 cows studied. This low abundance is consistent with previous qPCR studies (Stevenson and Weimer, 2007; Weimer et al., 2008) and the absence of S. bovis sequences in clone libraries (Tajima et al., 2000) . A partial explanation of the lack of an in rumine pH effect on these taxa may involve the short-term disparity between population sizes and their metabolic activity over the course of the feeding cycle. For example, although cellulolytic ruminococci may cease growth at pH <6 (Russell and Wilson, 1996) , they remain adherent and viable on digesta particles at somewhat lower pH, and they can probably rapidly re-initiate growth upon return to a permissive pH later in the feeding cycle (Mouriño et al., 2001) . The effects of pH on amylolytic ruminococci have not been reported. The BCC of 2 of the 8 cows were markedly different from each other and from those of the other 6. These cows were distinguished by their very low milk fat content. Examination of the ARISA data revealed that both cows had much higher levels of one AL (AL246). Cloning and sequencing of a portion of the 16S rRNA gene associated from this AL yielded an OTU246 that had a strong sequence similarity to M. elsdenii, a bacterium whose population size has long been known to increase under conditions of MFD (Latham et al., 1972) . Real-time PCR experiments with samples from all 8 of the cows, using primer sets separately designed for OTU246 and M. elsdenii, confirmed that both taxa were elevated only the 2 fat-depressed cows ( Table 4 ), and that these 2 taxa were very strongly correlated (r 2 = 0.99) with one another across different cows. The data support a companion study (Weimer et al., 2010) in which OTU246 was strongly elevated in 6 cows subjected to diet-induced MFD, but was not elevated in 2 cows that did not display MFD under the same dietary treatments. It is noteworthy that 2 of the cows (cows 1272 and 2088) that did not display MFD or high populations of OTU246 in the present study displayed both MFD and high levels of AL246 in the study conducted 8 mo previously (Weimer et al., 2010) , indicating that cows that display MFD on diets containing both rapidly fermented starch and monensin can overcome this condition upon prolonged monensin exposure, and that overcoming this condition is associated with changes in the relative abundance of some bacterial OTU. Moreover, when considered together, these studies provide the first molecular evidence of an association between MFD and M. elsdenii populations in rumine, and are in agreement with culture-based evidence that this species displayed elevated cell densities in cows that were fed high-concentrate diets and that displayed MFD (Latham et al., 1972) . As noted in our companion study, however, it appears that the association between OTU246 (M. elsdenii) and MFD is not absolute, as we have observed a few situations in which this taxon is barely detectable during MFD, or appears at substantial levels in advance of MFD (Weimer et al., 2010) .
A second AL (AL383) was found to have reduced ARISA peak areas in ruminal samples that had elevated peak areas for OTU246; AL383 was first noted to have reduced ARISA peak areas in cows that displayed MFD when fed diets containing rapidly fermented starch and monensin (Weimer et al., 2010) . In the present study, AL383 was found to contain at least 2 phylotypes: A Prevotella sp. whose contribution to ITS gene copies did not vary among samples and an unidentified taxon that likely contributed to the variation in ARISA peak area. These observations support reports that ARISA AL can contain more than one phylogenetically distinct taxon (i.e., more than one phylotype; Fisher and Triplett, 1999) . Isolation and characterization of the unknown phylotype in AL383 and elucidation of its interactions with M. elsdenii may provide important information on the mechanism of MFD.
The potential of M. elsdenii as a causative agent of MFD is interesting in light of its possible production of trans-10, cis-12 conjugated linoleic acid, a known substrate for ruminal biohydrogenation reactions to produce C18:1 acids that can suppress mammary lipogenesis (Bauman and Griinari, 2003) . Kim et al. (2002) reported that several strains of this species produce trans-10, cis-12 conjugated linoleic acid, although Maia et al. (2007) reported that none of the strains they tested produced this compound. Resolution of this issue will require testing of M. elsdenii isolates from MFD and non-MFD cows for trans-10, cis-12 conjugated linoleic acid production. However, MFD and its microbial underpinnings are complex issues that may also demand consideration of the possible ruminal interconversion of long-chain fatty acid isomers and of the activities of other taxa, particularly the unknown strain represented by AL383.
CONCLUSIONS
Ruminal pH dynamics, including both mean ruminal pH and diurnal pH range, varies considerably between cows and even within cows during successive feeding cycles. Despite these variations, cows having quite different ruminal pH dynamics can have considerable similarities in their BCC. In this study, cows that displayed unusual BCC exhibited intermediate pH profiles but produced milk having a low fat content, and the differences in BCC from those of other cows was largely because of differences in the relative amounts of only a few ruminal bacterial taxa, particularly M. elsdenii. Controlling populations of these few taxa warrants examination as a potential means of controlling MFD.
